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ACCZfc®ATlCH MEASUREMESTS DGRIHEJ LAXDIHGS OF A — — elZE lOAftrc MODEL 

5*5 ' . ■ 

OF THE COLUMBIA XJL-1 AMPmBTAH Iff SMOOTH WATER AND Iff WAVES - • 
LAJJGLEY TAIBC* MODEL 20&J - TED SO. HACA 2336 
By Eugene P* Clement and Robert F. Havens 


SUMMARY 


A ■E^-tj-aize powered dynamic model of the Columbia XJL-1 amphibian 

was landed in Langley tank no. 1 in smooth water and in onccwing waves 
of heights free. 2.1 feet to 6*4 feet (full-size) and lengths from 
50 feet to 264 feet (full-size) • 

The motions and the vertical accelerations of the model were con-* 
tinuously recorded. The greatest vertical acceleration measured dinring 
the smooth-water landings was 3*lg* „ During landings in rough water 
the greatest vertical acceleration measured was 15* 4g ; for a landing 
in 6.4-foot by 165-foot waves. The impact accelerations increased 
with increase in wave height and, in general, decreased with increase 
in wave length. During the lendings in waves the model bounced into 
the air at stalled attitudes at speeds below flying speed* The model 
triwned up to , the mechanical trim stop (20°) during landings in wareB 
of heights greater than 2.0 feet* Solid. water came over the bow and 
damaged the propeller during one landing in 6.4-foot waves* The ■ 
vertical acceleration coefficients at first impact from the tank tests 
1 

of a 5715 -size model were in fair agreement with data obtained at the . 
Langley impact basin during tests of a '^-siz* model of the hull, 

DfEROpCCTIGff 

. The Columbia XJL-1 airplane is a single -engine amphibian, with .a 
design, gross load of 13,000 pounds and a wing loading of 31 * 5 pounds 
per square foot. This airplane is designed far use by the Havy in \ . 
air-sea rescue operations, and therefore must be seaworthy and.: 
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structurally satisfactory far landing and. take-off in rough water. 
TeBte hare teen made of a powered dynamic model of the 

ta2k ^'v. 1 to determine the take-off and landing 
tbe ^ Bpray cb^aoteriatice in smooth water. t£T^ 
uLts of these tests ere described in reference 1* The ‘nresent 
teste were made to measure the accelerations experienced hr the 

* 5 f r f J3e 111 aaooth water and in waves, and to deter- 

mine the landing behavior in rough water. The model was 1 em&B& in 
caching : waves of heights from 2.1 feet, to 6.4 Se? (Sl-SS) ^ 
le^the^fram 50 feet to 264 feet (full-size). Tertioal accelera- 

but attempts to measure the horizontal and 
angular accelerations were not successful because of failure of 
tte ^truments. The vertical accelerations experienced tw- the 

d f° Pped iato water «t «wo forward speed 
and the static displacement properties were also determined. 

"* r ® rea “ ,st84 V «» Bureau of Aeronautics, Hsvy 


ZEE MOSEL 


Tile noa ® 1 ( 3 ^angley tank model 2O&0 was a ^~elre powered 

dynamic model designed and constructed ty the Columbia Aircraft 

Tb f e * neral arxangeaeat is shown in figure 1 and the 
S 1 Sit i T di ^? Sl ^ of , tbe aK>del 804 full-size aircraft are given 
a +ifn ^ J* *?* body ' 5 ^ an ^ tho is shown in figure 2. A 

detailed description of the model is given in reference 1. 

t ? U was 0011 to flcale > the area having been 
Increased 27.5 percent over the corresponding full-size value to 
obtain adequate aerodynamic lox^tudinalstability for themodel. 
TMb Ircreaaa was accomplished by the addition of panels of the 
^e^irfoil section to the tips of the stabilizer, as shown la 


In order to provide clearance between model and towing gear 

S^SKSr W J; 4 f 1101 * 88 loBB til£a that correepS^g 

to full sip. Slats were attached to the leading edge of thawing 

to delay the stell and to increase the maximum lift coefficient^ 
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thrust used for take-off Investigation) • The pitching moment of 
Inertia about the center of gravity was 4-9 slug-feet*^, -which is 
approximately 25 percent greater than, that corresponding to the 
full-si se* ' 


APPARATUS ABE PROCEDURE 


, The towipg gear used in these tests is similar to that described 
in reference S> and the instrument ati on and general test procedure 
are described, in. reference 3- Trim was measured as the angle between 
the forebody keel at the step and the horizontal. The Specific 
weight of the water in the tank was 63*4 pounds per cubic foot for' 
these tests. 

Landings were mode at various trims and flight-path angles in 
smooth water and in oncoming waves of several lengths and heights 
(up to and including 6.4 feet, full-size}. The -fore end eft freedom 
of the towing gear (reference 3) allowed the model to check In waves 
so that it was practically free of longitudinal restraint during 
that part of the run-out which was of most interest* The model had 
freedom in trim from -12° to approximately 20°. Treeless in rise 
was adequate to prevent interference of the rise stop with the 
motion of the model* 

The landings were made by decelerating the carriage from a speed 
above the landing speed of the model. The rate of deceleration during 
landing and run-out was approximately 3 feet per second per second. 

The trim, was set in the air by means of the elevators, and since the 
trim decreased as the model approached the water, it was necessary 
to set the trim in the air several degrees higher than the desired 
landing trim* The deflection of the elevators was not changed during 
the run-out. The model speeds, at contact, corresponded to full-size 
speeds^ between 52 and 71 miles per hour* 

The instruments described in reference 3 vere used to record 
the results of the tests. Time histories of vertical acceleration, 
trim, rise, horizontal displacement, and horizontal velocity of the 
model were obtained. Metal contacts on the keel of the model, at 
the bow, step, and sternpost wars used to record electrically the 
instant of landing contact. The location, of the bow contact is 
shown in figure 1* 

An Inductance -type accelerometer, which was attached to the 
towing staff, was used to measure the vertical accelerations. 

This accelerometer , which is described in reference 3, “had a 
natural frequency of about . 70 cycles peer second and was mag- 
netically damped to about 0.7- of the critical value* 
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The waves were generated In the manner described by reference 3 . 
The length and regularity of the waves were determined by means of 
two streamlined struts which extended vertically Into the water free, 
the tewing carriage- The struts were located about IT feet apart in 
the longitudinal direction- The relative wave height at each of the 
struts was electrically recorded, end frea the records the wave 
lengths could he determined- 

The static displacement properties of the model were determined 
hy loading the model with a series of weights and moments and noting 
the trim end draft for each condition- The moments were measured 
with respect to the pivot (located at 28 -percent mean aerodynamic 
chord) and draft was taken as the vertical displacement of the pivot 
from, its position when the forehody keel was parallel to and Just 
touching the Btill-vater surface- 

The drop test consisted of dropping the model into the water at 
aero forward velocity from two heights of the pivot above the water 
and at several trims- The motions and accelerations were recorded 
with the same instruments used in the landings- The model was 
restrained in the fore and aft position but was free to rise and 
trim- Drops were made from pivot heights above the water of 
20.36 inches and 2T-28 inches, respectively* At zero trim, these 
pivot heights corresponded to keel heights above the water of 
6-^2 inches (l /2 beam) and 13- 84> inches (1 beam). Data were 
obtained at contact trims from - 1 - 0 ° to 15-4°. 


PRECISION OF DATA 


The data presented are believed to have the following over-all 
accuracy* 

Trim, degree - - *1 

landing speed, foot per second * ±1 

Flight-path angle, degree ..... * 0-2 

Vertical acceleration ±(10 percent + 0.2g) 


RESULTS AND DISCUSSION 


All values in the tables and graphs are full-scale values. The 
following symbols are used: 

g acceleration of gravity, 32.2 feet per second per second 

n T vertical acceleration, g 


v 


feet per Second. 


■ 

t trim (angle between forebody keel at step and tlie 

horizontal), degrees 

The results of the smooth-water lending tests are presented In 
table II* The flight-path angle, horizontal velocity, and trim were 
determined for the instant the model touched the water* The maximum 
vertical accelerations occurred on Initial Impact for all except cose 
landing* For the landing at 0° trim the model skipped one time and 
the maximum vertical acceleration occurred an the second impact* 

The greatest value of vertical acceleration obtained, 3*lg> occurred 
during this landing* ' 

Time, histories of two of the landings in wares are shown in 
figure 3* The results of all the rough-water landings are given in 
table HI* Flight-path, angle, horizontal velocity/ and trim were 
determined f c r the Instent of first contact and for the subsequent 
contact which produced the .Tnuxlmra vertical acceleration* The model 
invariably bounced clear of the water several times during each 
landing in waves and thus experienced a series of impacts of varying 
magnitude* In each case, the maximum vertical acceleration occurred 
at seme impact from the first to *the twelfth* The bounces were 
generally accompanied by large increases in trim, the model attaining 
a stalled attitude at speeds considerably below flying speed* 

Table III gives the maximum trim far each landing* The model triiaajed 
up to the mechanical trim stop ( 20 °) during approximately half the 
landings in 3 * 4 -foot waves and during most of the landings in - 
4.6-foot and ' 6 * 4-foot wares* 

Figure 4 is a plot of maximum, vertical accelerations against 
wave lengths for the different wave heights* In general, these 
accelerations decreased with increase in wave length. The accelera- 
tions increased rapidly with -increase in ware height* The greatest 
vertical acceleration measured during the tests was 15 * 4g, and whs 
obtained during a landing in 6.4-foot by l65~foot wares* - ' 

Seme of the rou^ -water landings were quite violent end resulted. 
In structural damage to the model* During the landings in 4.6-foot 
by 110 -foot waves tbs motions of the model were particularly violent 
and heavy spray struck the flaps and hori rental tall* Of the four - 
landings made in thesp waves, three resulted in failure of the hori- 
zontal tail surfaces * 1 During a. landing in 6 * 4-foot by 138 -foot waves 
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horizontal velocity (carriage speed) , 
flight-path angle, degrees 
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water cease over the "bow and tent the tips of the propeller "blade b- 
Figure 5 Is a photograph of the damage resulting from this landing. 

Ho attempt was aade to control the position on the wave profile 
at which the initial contact with the wave occurred- Consequently,, 
the valiies of the Impact accelerations on initial contact varied 
widely and landings on the wave crests gave lowest values. Ho 
correlation of the values of subsequent accelerations with initial 
landing conditions was possible. 

The results of tests of & “size model of the hull of this 

aircraft in the Langley impact basin are described in reference 4. 

Ee suits free the fres-to-tria test of reference 4 are presented in 
table If for comparison with vertical accelerations at initial 
impact obtained in the tests of Langley task model 20&C. The impact - 
basin data were taken in smooth water and in 120-foot wares of varying 
heights^ at speeds corresponding to a full-size landing speed of 
86 miles per hour. The accelerations presented ere those which were 
measured at initial impact. The landings of the dynamic model 208K 
were made with one-half take-off thrust and with flaps deflected 45°- 
The model speeds, at contact/ corresponded to full-size speeds between 
52 and 71 miles per hour* The data from the impact-basin tests and 
frcm model 20&4 tests are plotted in figure 6 in the form of vertical 
acceleration coefficient versus flight -path angle. It can. be seen 
that the two sets of data are fairly well defined by the same upper 
envelope curves. 

The static properties are presented in figure 7 where trim and 
draft are plotted against triwning moment far the different loads 
tested. The results of the drop test are presented in table V. The ‘ 
greatest vertical acceleration obtained from the drop tests was 6- 7g 
for a drop height of 1 beam and a contact trim of -1.0°. 


C0BCLTSI0H5 


“ 1. The greatest vertical acceleration encountered during the 
smooth-water landings was 3>lg. 

2. T he model experienced a number of impacts during each rough- 
water landing and the maximum vertical acceleration occurred at scam 
impact from the first to the twelfth. The greatest vertical accelera- 
tion encountered was 15>*<g for a landing in 6.4-foot by 165-foot waves* 
The impact accelerations Increased with increase in wave height end/ 

In general/ decreased with increase in wave length. 
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3> Dur ing frti* landings in wares the model 'bounced into the air 
at stalled attitudes at speeds ‘below flying speed. The model trixsned 
up to the mechanical trim stop (20°) during landings in waves of 
heights greater than 2.1 feet. 

k' Solid water came over the bow during one lan ding in 6-k-toot 
by 138 -foot waves and damaged the .propeller. 

5* A comparison of the vertical acceleration coefficients at 

first impact freer the tank tests of a — ^-sire model and from impact- 

1 3*2 

basin tests of a g-slse model of the hull shoved that the upper 
limits of the two sets of data are in. fair agreement. 
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TABLE I 

COMPARISON OF IBIHCIPAL DIMENSIONS OF ~-SIZE ETHAMEC 

5*5 

AMD FULL-SIZE COLOMBIA XJL-1 AIHELAHB 


Hull: 

Beam, Including plating projecting frca 

chines, in. ..... 13.84 

Lengths parallel to straight portion of 
forebody keel, in. 

Forebody, bow to centroid of step ..... 4l . €9 
Afterbody, centroid of step to stempost . 36.27 

Tail extension, stempost to trailing 

edge of rudder 18.18 

Over all, bow to trailing edge of rudder . 96-14 

Depth of step (plan fora 45° vee), in. 

. At keel 1*14 

At centroid . - * 0.93 

At chine 1.44 

* Angle of forebody keel relative to base 

line, deg -5*0 

Angle of afterbody keel relative to base 

line, deg 12:5 

Angle between keels, deg 7-5 

Angle of dead rise of forebody at step, deg ^ 

Excluding chine flare 20.0 

Including chine flare ...... 13-5 

Angle of dead rise of afterbody, deg 

Step at station 233 24.0 

Maximum at station 315 * * . 29*5 

At stempost • 20*0 

Wings 

Area, sq. f t 13*65 

Span, ft 9*1 

Root chard (section HACA 4418), in. ..... 20.0 

Tip chord ( section HACA 44120, in. ...... 12.0 

Angle of wing setting, deg 

Reference to base line , . .. l r . • 4.0 

Reference to forebody keel * • 9*0 

Mean aerodynamic chard, M-A.C- , in 18*39 

Leading-edge M-A.C. parallel to base line 

A£t of bow, in. 3&-02 

Below thrust line, in. 3* 82 

* Flap setting, deg 1 

, Take-off 30 

.Tending 45 


MODEL 




76.0 


229.3 

199*5 

100.0 

528.8 

6.27 

5*11 

7r98 

-5*0 

12.5 
7*5 

20-0 

13*5 

-*24.0 

29.5 
20.0 


413.0 
50.0 

110.0 
66 * 0 

4.0 

9*0 

101.JL7 

3.76.1 

^ 15*5 
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SABLE I - Concluded 

CCKPABISOH OF PRINCIPAL BBS0ISIOHS OF 575-SIZE EKHAMIC MOLEL 


Model 2Q& 

Horizontal tail: 

Span, ft*. a 4. 64 

Chord (section HACA 0012), ft ........ 0-91 

Area, stabilizer, eq. ft _ ®2»94 

Area, elevator, sq, ft 1.27 

Total area, fq ft a 4.21 

Afagle of stabiliser to base line, deg -2.0 


Vertical tail: 

Total area (section HACA 0012 ), sq ft . . ._. 1.25 

Propeller: x 

Blades 3 

Diameter, ft a l.*62 

Angle of thyust line to base line, deg ... p 

Thrust line above keel at centroid of step 

perpendicular to base line, in 17*4 

Static effective thrust for landing, lb > • * 15*0 


Loading conditions: 

Maximna design load, lb . ... . - 77*4 

Center of gravity (28-percent M.A.C.) 

Forward of centroid of step parallel to 

straight portion of forebody keel, in. • 3*94 

Above forebody keel perpendicular to 
straight portion of forebody 

keel, in- 13*44 

Pitching mccjent of inertia, slug-ft 2 .... ®4.9 


°Theee values not to Scale* 
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- Concluded 




20.0 

5.0 

61*3 

38.7 

100.0 

H 2.0 1 


38.2 


3 

10.5 

o 

208.8 


13,000 


21.7 


74.0 

19,400 
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TABLE II 

MAXBEM VEESPIGAL ACCELEBATIGBS DDBUKi LANDINGS IN SMOOTH WATER 


{All values are fuH-scal^J 


Landing 

no. 

First contact 

Maximum 

5* 

y 

(deg) 

(fps) 

(deg) 

i 

3-6 

79 

4.0 

1.2 

2 

2.6 

81 1 

12.0 

1.4 . 

3 

2.8 

87 

10.6 

1.5 

4 

6.1 

» 80 

12.2 

2.8 

5 

2.3 

100 

9-9 

1.5 

6 

5.1 

98 

•7 

1.8 

7 

4.7 

95 

6.0 

1.2 

8 

5.0 

■96 

3-0 

1.2 

9 

4.3 

104 

0 

a 3-l 

10 

4.8 

91 

9.0 

1.6 


.'%SBxi£Bm Of occurred, after one skip (second impact) • 
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TABLE 17 

VERTICAL ACCELERATIONS AT FIRST IMPACT FROM TASK TESTS 
A5D IMPACT -BASIS TESTS 
j^All values are ful^scalej 

Impact -B as in Teats of ^-Sise Model 
) (Wave length, 120 ft) 


Landing 

no*" 

Wave 

height 

(ft) 

®v 

(e) 


Impact 

no* 

Wave 

height 

(ft) 

7 

(deg) 

r ■ 

(deg) 

(g) 

i 

0 

1.2 


34 

0 

,2.1 

7 

1-4 

2 

0 

1.4 


36 

0 

5*3 

7 

4-7 

3 

0 

1*5 


37 

0 

5*5 

7 

5*9 

4 

0 

2.8 


38 

0 

5*4 

7 ' 

4-5 

5 

0 

1*5 


47 

0 

1-9 

12 

*3 

6 

0 

1.8 


49 

0 

5*0 

12 

3*1 

7 

0 

1.2 


30 

1.8 

2.1 

7 

2-9 

8 

0 

1-2 


22 

2.0 

2.2 

6.4 

4-9 

9 

0 

*9 


42 

2.0 

1*9 

11*5 

2.7 

10 

0 

1.6 


18 

3*5 

2.1 

7 

5*2 

s 3 

2.1 

1.4 j 


20 

3*5 

1.8 

6.5 

4.4 

24 

2.1 

*9 


21 

3*5 

2.0 

7 

3*9 

; 25 

2.1 

2.1 


41 

3*5 

1.9 

11.2 

5*9 

26 

2.1 

2.4 


45 

3*5 

1*9 

12 

6*0 

27 

2.1 

.8 

r- 

32 

3*6 

2.0 

12 

.1 

28 

2.1 

1-2 






2 9 

2.1 

2.0 ■ 






30 

2.1 

.2.1 j 





. 

43 

3-4 

*5 






44 

3*4 

1*5 






45 ' 

3*4 

4*5 






46 

3*4 j 

2.2 






47 

3*4 

•9 




* 


48 

3*4 

3*4 






49 

3*4 

.8 






50 

3*4 _ 

4.6 
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TABLE V 


’ >_V- • -a -_ 


MAXlMGM Tl^RTICAJ, ACCEL35RATIOJJS 


DCRUfG- £80P TESTS 


All rallies are full-scale I 


o 

0 

0 


16.0 
1*0 
2 * 0 . 

11.0 
16*0 


First contact 



11*3 

11.6 

12.6 

8.2 

15*2 

17*6 

15-8 

14.9 


.6 

9-6 

14.9 


.Maxima 
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Figure 1 Model 
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Fig. 4 
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(a) Wave height, 2.1 feet. 
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Figure 4.- Oiaximum vertical accelerations during 
landings in waves. 
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Fig. 4 cone. 
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(d) Wave height, 6.4 feet. 

Figure H-.- Concluded. 
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Figure 


5. - Damage to propeller during landing 
in 6.4-foot by 138-foot waves. 
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Fig. 6 
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Figure 7 Static displacement properties. 



V 



